Individual renal clearances determined at renal vein catheterization  by Gutkin, Michael et al.
Kidnei International Vol. I / (1977), p. 190—196
Individual renal clearances determined at renal vein
catheterization
MICHAEL GuTKIN, WILLIAM PERL, BODH N. DAS, BYOUNG CHIN and ROBERT S. MODLINGER
1-lypertension Section, Veterans Administration Hospital, East Orange, New Jersey; the Departments of Medicine and
Ph3'siologt', New Jersey Medical School, Newark, New Jersey; the Renal Departments of St. Barnabas Medical Center,
Livingston, New Jersey, and Sr. Elizabeth Hospital, Elizabeth, New Jersey
Individual renal clearances determined at renal vein catheteriza-
tion. Renal para-aminohippurate (PA H) clearances were predicted
in lb kidneys of eight hypertensive patients with renal artery stenosis,
pyelonephritis, or obstructive nephropathy, without individual
ureteral catheterization. Predictions of left or right kidney clearance
(CL or CR) were based on roentgenographic renal frontal areas (A),
on total PAH clearances (CT), and on individual PAH extractions
(E) measured at renal vein catheterization according to the for-
m ula
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When these patients underwent ureteral catheterization for diag-
nostic reasons, individual PAH clearances were measured and
ranged from 22 to 286 cm3/min. After correction for differences in
total PAH clearance on the two occasions, predicted and individ-
ually measured values corresponded closely along a line of identity.
The 95% confidence limit (+ 2 sEM) for predictions of individual
PAH clearance was approximately + 38 cm3/min and for percent
of total PAH clearance distributed to left or right kidney, + 6%.
Individual renal PAl-I clearances can therefore he predicted at
renal vein catheterization with acceptable error. Thus, the sub-
stantially invasive procedure of ureteral catheterization is not
required to ascertain left and right kidney PAH clearance in
patients already at risk from renal disease.
Clearances rénales séparées mesurées par cathétérisme de Ia veine
rénale. La clearance rénale du para-amino-hippurate (PAH) a été
évaluée pour chacun des seize reins de huit sujets atteints
d'hypertension artérielle avec des sténoses de l'artère rénale, des
pyélonêphrites et des uropathies obstructives. L'évaluation de Ia
clearance du rein gauche ou du rein droit (CL ou C11) a été fondée
sur Ia surface rénale mesurée au moyen d'une radiographic de
face, sur Ia clearance totale du PAL-I, CT, et sur les extractions
individuelles de PAH (E) mesurée par cathétérisme de Ia veine
rénale. La formule suivante a été utilisée:
E 2 3/2C L LL EL2AL32 + Es2AR32 T
Quand ces malades ont subi un cathétérisme urétéral 6 but diag-
nostic les clearances individuelles de PAH ont été measurées, dIes
étaient comprises entre 22 et 286 mI/mm. Après correction pour Ia
clearance totale de PAH, dans deux cas, les valeurs individuelles
évaluées et mesurées ont été comparées et trouvées proches de
l'identité. L'intervalle de confinance de 95% (+ 2 sEM) I'évaluation
des clearances individuelles est environ de 38 mI/mm et celui du
pourcentage de Ia clearance totale appartenant 6 l'un ou I'autre
rein de + 6%. Par consequent les clearances individuelles de PAH
peuvent Ctre Cvaluées au moyen du cathétérisme de Ia veine rénale
avec one erreur acceptable. Ainsi Ic procCdé trés invasif que consti-
tute Ic cathétérism urCtCral n'est pas indispensable pour obtenir Ia
clearance de PAH de chaque rein.
Hypertensive patients with asymmetric renal in-
volvement !'rom renal artery stenosis or renal par-
enchymal disease are commonly subjected to cathe-
terization of both renal veins for the purpose of
determining plasma renin activity in the effluent
blood from each kidney. This procedure is generally
well tolerated, is associated with low morbidity, and
is easily performed [1].
Numerous investigators have stressed the impor-
tance of determining individual renal plasma flows in
the preoperative evaluation of hypertensive patients
with renal artery stenosis or unilateral renal pa-
renchymal disease. Diminished para-aminohippurate
(PA H) clearance from a presumably normal member
of a kidney pair may denote a degree of arteriolar
nephrosclerosis severe enough to perpetuate hyper-
tension after repair or removal of its more diseased
counterpart [2, 3]. Left and right ureteral catheteriza-
tion has been considered necessary to ascertain accu-
rately the PAH clearance of each kidney. This pro-
cedure is not without risk for a patient who already
has one diseased kidney. A modification of the renal
vein catheterization procedure to permit determina-
tion of individual renal plasma flows and renal
PAN clearances without ureteral catheterization is
proposed in this communication.
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Methods
Patients. In each of eight hypertensive patients,
ages 18 to 63, there was a specific indication for
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determining plasma flow from each kidney. Renal
vein catheterization was carried out to determine
renal venous plasma renin activity and to help decide
whether repair or removal of a more affected kidney
would lead to amelioration of hypertension. In gen-
eral, ureteral catheterization was carried out to detect
whether insufficient renal blood flow in the less af-
fected kidney would prejudice the response of the
hypertension to corrective surgery.
Patients 1, 4, 6, and 8 had stenosis of a single renal
artery. Patient S had bilateral renal artery stenosis.
Patient 2 had chronic pyelonephritis, diagnosed after
nephrectomy, although she was thought to have renal
artery stenosis preoperatively. Patient 7 had a pyelo-
nephritic right kidney and a filling defect in the right
renal pelvis. Patient 3 had unilateral hydronephrosis
and a poor nephrogram on the right. A determina-
tion was made whether nephrectomy would result in
unacceptable loss of renal mass, or whether repair of
ureteropelvic junction obstruction was indicated. In-
formed consent was obtained before each procedure.
Experimental. Each patient was studied on three
occasions: a) on the first, by intravenous pyelography
or renal angiography; b) on the second, for total PAH
clearance and for left and right kidney PAH extrac-
tion at renal vein catheterization; and c) on the third,
for left and right kidney PAH clearance by ureteral
catheterization; as follows:
a) Frontal kidney area was measured by tracing on
graph paper the renal outlines obtained by i.v.
pyelography or renal angiography (anteroposterior
projection). All films were taken at a distance of 40
inches. The area of intrarenal pelvis was included in
the renal frontal area in all cases except patient #3. In
this patient the area of obstructed right renal pelvis
which was in excess of the normal left intrarenal
pelvic area was subtracted from total right renal area.
b) Patients were allowed liquids before renal vein
catheterizatibn in the afternoon. At 10:30 A.M., an
i.v. infusion of 5% dextrose in water was begun at 2
cm3/min. At 12:30 P.M., a three-way Foley catheter
was inserted and the bladder was irrigated with sterile
saline solution. An indwelling peripheral venous
catheter was placed for serial blood sampling. Doses
of PAH were delivered to achieve and sustain per-
ipheral vein plasma concentrations of ito 2 mg/100
ml. Renal vein catheterization was performed be-
tween 1:30 and 3:00 P.M. by percutaneous femoral
vein puncture. The catheter was advanced well be-
yond the left ovarian or spermatic vein, and its posi-
tion was confirmed by gentle hand injection of 3 to 5
ml of angiographic dye.
Total PAH clearance was determined at the time of
renal vein catheterization by averaging three or more
plasma PAH concentrations from samples of pe-
ripheral venous plasma drawn at 10 or 15 mm inter-
vals during the collection of urine. A single urine
collection was carried out from the time of in-
troduction of the renal vein catheter until the time of
its removal. This procedure was used to avoid inter-
rupting the sterile path of urine from the Foley cath-
eter to the collecting set. The successive plasma PAM
concentrations in each patient did not vary appre-
ciably. Peripheral plasma was also sampled simulta-
neously with renal vein plasma in order to determine
PAH extraction. The bladder was rinsed with a large
volume of saline immediately before the beginning
and before the end of the clearance period, and resid-
ual urine was expressed by suprapubic pressure. Or-
thoiodohippurate I's' (OIH) was used for determina-
tion of all clearances and extractions in patient 3.
PAH concentrations in blood and urine were deter-
mined by the method of Smith et al [4].
c) For bilateral ureteral catheterization, an in-
fusion of 0.45% NaCI was begun in a peripheral vein
at the rate of 2 cm3/min one hour before the begin-
ning of the procedure, and the priming and sustaining
doses of PAM (0TH in patient 3) were given. Under
light sodium thiopental or local anesthesia, catheters
were inserted in each ureter through a Brown-Burger
cystoscope. A Foley catheter was left in the bladder
to detect total leakage into the bladder from both
ureters. If leakage was detected, the percent contribu-
tion to the bladder from each ureter was calculated
from solute and volume balance (see Appendix, part
1). When the total urinary output from both ureters
and the bladder was 2 cm3/min or more, three 15-mm
clearances were performed for urine from each ureter
and bladder, with peripheral blood samples for
plasma PAH concentration drawn at the midpoint of
each urinary collection. When urinary output did not
achieve 2 cm3/min within a 30-mm period after dis-
continuance of general anesthesia, the infusion rate
was increased to 150 cm3/hr, or the patients were
given 50 cm3 of 25% mannitol i.v.
Theoretical. The basic assumption is that the frac-
tion of the total PAH clearance which comes from
each kidney is a function of its parenchymal volume
and its PAH extraction. This fraction is then multi-
plied by the total PAH clearance observed at renal
vein catheterization to derive a value for individual
PAM clearance.
The experimental data for each patient are: 1) the
total PAH clearance, CT (cm/min), and the left and
right kidney PAM extractions, EL, E, by renal vein
catheterization on one occasion, 2) the left and right
kidney PAH clearances, CL, CR (cm3/min), observed
by ureteral catheterization on a second occasion, and
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3) the left and right kidney frontal areas, AL, AR, by
pyelography or angiography on a third occasion. The
individual renal PAH clearances measured on occa-
sion 2) were adjusted to the values, denoted CadiL,
C0d11,, that presumably would have been measured on
occasion I), by
CadiL = [CL/(CL + CR)JCT and
CadJ, = CT — Cadji.
The "adjusted experimental" renal plasma flows,
FUdJ1., Fadj3, (cm3/min) were determined from the
data on occasions 1) and 2) by
FadjL = Cadji/EL and
Fajn Cadja/Eg.
The "predicted" PAH clearance of the left kidney
CpredL is expressed in terms of extraction, E, and
plasma flow, F, (cm3/min) by
( ELFL '\CpredL — j C (5)'-L'L
The left and right renal plasma flows are assumed
expressible in terms of extraction and frontal area (as
an index of volume) by
FL = KELAL32 and
— 1Tt2 A 3/2I R I'. RtR ,
where K is a constant, assumed the same for both
kidneys. The rationale for expressing flow in terms of
both kidney volume [5] = K X (frontal area)312 and
extraction is given later (see Discussion). Substitution
of equations 6 and 7 into equation 5 gives
C preda = CT — Cpredh, (9)
Equations 8 and 9 are "predicted" values of left and
(1) right kidney PAH clearance as obtained from data
(2) measured on occasions 1 and 3, that is, without the
need for ureteral catheterization.
The number of independent predicted clearances is
16 for the eight patients (see Appendix, section 2).
Linear regression and correlation analyses were
(3) performed by standard statistical methods [6]. The
deviation of individual theoretically predicted PAH
(4) clearances from experimental values was expressed
by deriving the 95% confidence limits for individual
theoretically predicted values [6].
Results
The various primary and derived data obtained at
ureteral catheterization, at renal vein catheterization,
and by pyelography or angiography are listed in
Table 1. The mean +SD of all the total PAH or OIH
clearances at ureteral and renal vein catheterization
(6) were 301 + 92 and 292 104 cm3/min, respectively.
/7! The PAH extractions were smaller in the abnormal or/ more severely involved kidney in seven of the eight
patients. Individual renal PAH clearances ranged
from 22 to 286 cm3/min, (area)32 from 190—1154 cm3,
PAH extractions from 0.44 to 0.95, and adjusted
flows, 35—361 cm3/min (Table 1).
The individual PAH clearances from ureteral cath-
Table I. Findings at ureteral and renal vein catheterization and radiography
Renal vein catheterization
Patient no.,
age, sex,
affected
kidney
Ureteral catheterization
clearance I s (N) CT
CL + C
Adjusted flow
FaJL FdJ"
(Frontal renal
area)32
AL' ARI/z
Extraction
E
Clearance
CR1
(L or R) CL1 cm3/min CL + C EL c,n3/min G cm3/min cm3
1,54, M, L 22 + 3 (3) 286 7 (3) 308 0.44 0.90 265 0.86 43 273 287 567
2,37, F, L 66 + 26(3)r 231 39(3)1 297 0.56 0.72 321 1.08 127 347 354 1154
3, 18, M, R 215 60(2)f,g 42 + 4 (2) 257 o.64 0.46 276k 1.07 361 98 845 5171
4,42 M, L 212 + 36(3) 241 + 18(3) 453 0.84 0.85 481 1.06 268 301 736 660
5,63F,L,R 24+1 (2) 119+27(2) 143 0.64 0.95 133 0.93 35 117 190 391
6,46F,R 167 (I) 142 (1) 309 0.91 0.80 304 0.98 181 175 544 539
7,36F,R 182+53(3) 77±27(3) 259 0.76 0.85 196 0.76 181 69 535 219
8,28 F, L 117 3 (3) 267 14(3) 384 0.77 0.90 356 0.93 141 275 294 580
1Equation 16.
1Equation 17.
1Equation 3.
dEquation 4.
eGraphical measurement from pyelograms or angiograms.
2Corected for urine leakage into bladder by equation 14, 15.
3hl.orthoiodohippurate clearances and extractions.
1Excess renal pelvic area subtracted (see text).
Cpreät — ( EL2AL3'2EL2AL3'2 + ER2AR32 )cT. (8)
For the right kidney
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Table 2. Experimental, adjusted, and theoretically predicted
individual PAH clearances
Patient
and
kidney
CdJa
cm3/min
CLI'
CR
cm3/min
CpreiC
CpredR
cm3/min
Cpre —
C
%
C
I L 19 22 29 +31
I R 246 286 236 —18
2L 71 66 50 —24
2 R 250 231 270 + 17
3L 230 215 209 —3
3R 45 42 66 +57
4L 225 212 251 +18
4R 256 241 230 —5
5L 22 24 24 0
5 R III 119 109 — 8
6L 164 167 172 + 3
6R 139 142 131 —8
7 L 138 182 130 —29
7R 59 77 66 —14
8 L 109 117 97 —17
8R 248 267 260 —6
Mean + SEM —0.4 5.5
"From Table
bFrOm Table
eEquations 8 and 9.
dFrom columns b and c.
ratio CpredL (x axis): CL (y axis). The corre-
CT (CL+CR)
lation was again excellent (r = 0.99), and the slope
(+ 1 .05) and y intercept (—0.01) resembled those of a
line of identity. The 95% confidence limit of predic-
tion at the mean of all values of is 6% of
total renal function (Fig. 2). CT
The correlation of adjusted flows from equations 3
Fig. 1. Correspondence ofpredicted and adjusted values of individual
renal PA H clearance. Abscissa .v: C,,ed1 or CI,redR (Table 2). Ordi-
nate v: CL or C55 (Table 2). The line of regression is y = 0.985 x +
2.15. The lines running parallel to the regression line are the 95%
confidence limits for individual predictions of PAH clearance.
Renal artery stenosis: involved (closed circle) or uninvolved (open
circle) kidney; unilateral pyelonephritis: involved (closed square) or
uninvolved (open square) kidney; ureteropelvic junction obstruc-
tion: involved (closed triangle) or uninvolved (opentriangle) kid-
ney. Vertical brackets depict SEM of the mean ureteral clearance
value.
o o.i 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 .0
L predicted
CL + CR
Fig. 2. Comparison of percent of total PA H clearance coining from
the le/l kidnei' as determined at renal vein (predicted values) and
ureteral (observed values) catheterizations.
350
= +0.985
Yo = +215
+2 SEM = 36.5 mI/mm
250
200
60
-D
a)>
a)0)
.00
a)
C,,
0(aI
a-0
150
100
50
I, columns a and b, and equations I and 2.
I, columns a and b.
50 00
CPAH predicted, cm3/min
eterization were compared to the predicted values
from renal vein catheterization (Table 2). The mean
difference between ureteral and predicted values was
—0.4 5.5%. The correlation of individual ureteral
clearances with individual predicted clearances was
excellent (r = 0.96). Comparison of adjusted ureteral
clearance with predicted values is displayed in Fig. 1.
The slope of the regression line is virtually identity (m
= 0.985). The 95% confidence limits for single predic-
tions are about 38 cm3/min over the range of the
regression line (+ 2 sEM). These confidence limits can
be compared to the confidence limits for individual
renal PAH clearance observed at ureteral catheteriza-
tion. The mean error for 14 of 16 clearances where
the number of determinations was greater than one
was + 27.1 (+ 2 SEM) cm3/min. The range of 2 SEM,
approximately 95% confidence limits for each mean
ureteral clearance figure, is depicted by the vertical
bars bracketing each point on the regression line in
Figure 1.
The predicted and observed ureteral clearances
were also compared to each other, expressed as the
and 4 with A32 is shown in Fig. 3. Other correlations
of flow with A were tried for various values of n. The
correlations did not differ greatly. However, n = 3/2
was considered the most satisfactory on the physical
grounds that the volume of a sphere = (cross sec-
tional area) 3/2.
r =+0.99
m = +1.05
Yo = —0.008
+2SEM =O.O6atX
0
a)
a)(a
.00 I0
-J0+
-J0
0.I
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F0
Fig. 3. The correlation of ad/us/ed individual flows. equations 3 and 4
with A3 z. The legend in Figure I describes the points. The correla-
tion coefficient r, slope in, ordinate intercept v0, abscissa intercept\ are listed.
Discussion
When individual adjusted flows were plotted
against their respective (area)32, the correlation was
highly significant (r = +0.89, P < 0.01, Fig. 3).
However, when adjusted flow = 0, (area)32 is 135 cm3
according to this plot, presumably because each kid-
ney contains some negligibly perfused tissue (rem-
nant volume). One way of correcting (area)3'2 for the
remnant volume would be to subtract the extrapo-
lated figure of 135 cm3 from the (area)32 of each
kidney. However, more diseased kidneys are likely to
have larger remnant volume than less diseased kid-
neys. Subtracting a fixed remnant volume from any
total renal volume would thus introduce error in the
estimation of functioning volume, which would dis-
tort predictions of flow based on renal size. A more
satisfactory method of improving the relationship be-
tween adjusted flow and volume = K (area)32 is to
multiply the volume of each kidney by some correc-
tion factor which approaches zero when all volume is
remnant volume. We chose extraction as a correction
factor, because our extractions generally tended to be
lower in members of kidney pairs with lower adjusted
flows (seven of eight cases, Table 1), and because the
data presented by Bergstrom et al [71 demonstrate
that PAH extraction approaches zero as PAH clear-
ance approaches zero in chronic parenchymal renal
disease.
In testing the accuracy of our predictions, we en-
countered the problem of different total PAH clear-
ances obtained on two different occasions. Such vari-
ation was similar to that encountered by Vertes,
Gravel, and Goldblatt [81 in hypertensive patients
with corrected renal artery lesions. We normalized the
individual PAH clearance obtained at ureteral cathe-
terization for variation in total PAH clearance on the
two occasions (see Methods, theoretical section). Af-
ter this correction, predictions of individual renal
clearances corresponded with values observed at ure-
teral catheterization quite closely along a line of iden-
tity (Fig. 1). The 95% confidence limits (+ 2 SEM) of
individual predictions were slightly larger than the
range of error (± 2 scM) encountered in individual
ureteral clearance determinations. The latter values
are comparable to variations encountered by others
using the same technique [9].
In the study of more diseased members of kidney
pairs, ureteral clearances yielded narrower confi-
dence limits than did predicted values. In the case of
less diseased members of kidney pairs, the confidence
limits for predicted values were narrower.
When predicted values were expressed as a percent
of total PAH clearance, confidence limits of individ-
ual predictions compared more favorably with those
of observed ureteral clearances as total PAH clear-
ance approached a small value. Total PAH clearance
is almost always reduced when a radiographically
definable renal arterial or parenchymal lesion is de-
tected in the hypertensive [3].
Measuring the area of one kidney relative to the
other is important to the partition of total PAH
clearance. If renal rotation on a coronal or transverse
axis produced unequal distortion of the renal shadow
in our patients, it did not destroy our ability to pre-
dict any single clearance with a high degree of relia-
bility. Subtracting excess pelvic area from the total
area of a kidney with hydronephrosis (patient 3) led
to excellent correspondence of predicted with ob-
served values of clearance for that kidney. The kid-
neys investigated displayed a broad range of func-
tion. On ethical grounds, patients with normal renal
function or symmetrical degrees of renal dysfunction
could not be subjected to renal vein and ureteral
catheterization. Published data allow for comparison
of measured PAH clearances using the two methods.
PAH extractions are identical in the normal kidneys
of experimental animals [10] or in the normal or
symmetrically diseased kidneys of humans [7]. Con-
sequently, theoretical clearances for left and right
kidneys depend solely on total PAH clearance and on
left and right A32. Moell [II] demonstrated in males
and females that mean renal A312 in normals is
roughly 8.5% larger on the left. Hence, predicted left
PAH clearance should be about 8.5% larger than
predicted right PAH clearance in a normal patient.
Hulet et al [12] demonstrated that normal left kid-
neys had ureteral PAH clearances 6.4% larger than
normal right kidneys. The present method, therefore,
appears to be valid also in patients with almost nor-
mal but slightly unequal renal function.
= +0.89
m= +2.087
= +135.1
x0 = —64.7
0
0
Adjusted flow, rn//rn/n
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Radionuclide renography [13, 14], thermodilution
[15], the measurement of indicator dilution curves in
the renal vein after injection into the renal artery [16,
17], and comparison of individual renal venous with
peripheral venous plasma renin activities [18] have all
been applied to the clinical measurement of individ-
ual renal plasma flows in man. Only the first three
techniques have been satisfactorily validated by com-
parison with other established methods. Published
methods for partitioning renal blood flow are not
more accurate than the procedure we have described,
and do not allow for simultaneous estimation of renal
plasma flow and renal arterio-venous difference of
various substances.' Measurements of renal blood
flow by thermodilution show wide variations, and the
method can be employed only when there is assur-
ance that there is a single renal vein. The presence of
multiple renal veins should not invalidate calcu-
lations of renal clearance based partly on PAH ex-
traction. Even though sampling is from only one of
several veins, the rich anastomotic network of veins
within the kidney [19] will tend to equalize PAH
concentration in all venous tributaries. Kioschos,
Kirkendall, and Valenca [17] found that indocyanine
green injected into accessory renal arteries yielded
venous indicator dilution curves which implied com-
plete intrarenal mixing of dye.
Injection of idocyanine green or Evans blue into
the renal artery and measurement of the indicator
dilution curve in the corresponding renal vein is an
accurate method of determining renal blood flow
which is relatively more invasive than ours. It can be
used to measure renal blood flow and arteriovenous
_________
difference of plasma renin activity, provided that the
injection bolus is sufficiently small to avoid per-
turbing the intrarenal distribution of total flow [21].
Our values for predicted PAH clearance vary from
ureteral clearances by an average of —0.4 + 5.5%
compared with published variations of —7 + 4.2%
[16] and +3.7 + 3.5% [17] offered by two carefully
performed studies of indicator dilution vs. ureteral
clearance technique.
The present method determines individual renal
PAH clearances by renal vein catheterization com-
bined with conventional total PAH clearance and
measurement of renal frontal area on pyelograms or _______________
angiograms. The procedure is substantially less in-
vasive than bilateral ureteral catheterization, when renal
where P (mg/cm3) is the PAH concentration in per-
"Arterial samples for plasma renin activity are generally regarded ripheral venous plasma. In applying equations 14 andas identical with values sampled from the peripheral venous
blood, as represented by the inferior vena cava below the renal 15, UL/P were substituted by C1, and C1 of equations
veins [201. 1 and 2, respectively.
vein catheterization is employed in the work-up of the
hypertensive patient. It may also be used to measure
individual renal function in other renal diseases char-
acterized by predominantly unilateral involvement.
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Appendix
Part I. The contribution of leakage from either
ureter into the bladder in evaluating left and right
kidney PAH clearances by ureteral catheterization
was obtained from urinary volumetric flow balance
and PAH flux balance as follows:
VLB + VIB = VB (10)
ULVLB + URVRB = UBVB (11)
where VLB, VRB (cm3/min) are the left and right leak-
age urinary flows into the bladder (not measured), YB
(cm3/min) is the urinary flow out of the bladder
(measured), and U1,, U1, UB (mg/cm3) are the PAH
concentrations in the left ureteral outflow, right ure-
teral outflow and bladder outflow (all measured).
Solution of the simultaneous equations 10 and 11 for
the nonmeasured quantities V1,, V gives
— ( U — (JR '\,,
,, ,, )V
" L — UR /
I U. — UB \
VRB =
— 17 )VB. (13)L R
The left and right PAH clearances by ureteral cathe-
terization were then obtained as
- ULVL + ULVLBCL-
(IL r 'UB—UR 1= L + u — u )VnJ (14)L B
—
URVR + URVRB
—
r / UL — UB\ 1
LVR
+ )VBJ (15)P UL—UR
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Part 2. Equations 9 and 2 give
CT = Cpred + Cpreth = CL + CR
from which, by rearrangement of the second and
third members
C pred — C1.1 — (Cprei — CL).
Equation 17 shows that the difference between pre-
dicted clearance and the adjusted ureteral clearance
for the left kidney is numerically the same as for the
right kidney. Therefore, these two quantities are not
independent and the present data yield only eight
such independent quantities, one for each patient.
The reason that equation 17 is effectively independent
of total PAH clearance can be seen from equation 16
which holds for any value of CT. The predicted clear-
naces themselves, however, (equations 8 and 9) are
independent for right and left kidney in each patient
by virtue of the presence of the additional independ-
ent datum of total PAll clearance. Therefore, the
number of independent theoretically predicted clear-
ances is sixteen for the eight patients.
Reprint reque,st.1 to Dr. Michael Gutkin, St. Barnabas Medical
(enter, Renal Department. Old Short Hills Road, Livingston, New
Jerset 07039, U.S.A.
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